Abstract: The quality of fruit targeted for human consumption is affected greatly by the methods used in processing. The objective of this study was to assess a method of treating cantaloupe melons to reduce the wound responses incurred by cutting while maintaining fruit quality. After being treated with an alternating magnetic field (AMF) at the strength of 2mT for 0, 5, 10, 15, 20, or 25 min, Cucumis melo fruits were cut longitudinally into five pieces and stored at 5°C until analysis. The rates of decomposition, electrolyte leakage and respiration, were determined along with fruit firmness, soluble solids and titratable acids. Cutting the melons damaged the quality of fruits, as indicated by lower firmness soluble solids, higher electrolyte leakage, decomposition, respiration and titratable acids in cut slices compared to intact melons. Treatment with AMF before cutting influenced all parameters above, compared to untreated samples, and treatment with 2mT for 15 min resulted in reduced respiration rates, lower electrolyte leakage, delayed softening and decomposition, and reduced flows of soluble solids and titratable acid. Therefore, application of AMF treatment prior to cutting is beneficial for reducing wound responses and maintaining quality and flavor of cut Cucumis melo L. cv, which could provide a useful means to increase the market share of this popular fruit crop species.
INTRODUCTION
The cantaloupe melon (Cucumis melo L. cv Hetao) is a popular and commercially important fruit crop of the Cucurbitaceae family that grows commonly in Inner Mongolia, where it is served freshly cut. Sales trends for longitudinal cuts of the fruit suggest that consumers are willing to pay for the convenience, if quality is perceived to be better than or equal to the quality of uncut melons [1] , and if nutritional measures such as the contents of sugars, amino acids, and vitamins are maintained after processing. However, mechanical handling such as cutting, slicing and peeling may cause physical damages during processing, which causes the quality of fruit to deteriorate rapidly [2] . Any such deterioration when melons are cut into individual portions for sale clearly affects the purchasing choices of consumers in stores, and can lead to substantial market losses [3] . Thus, long shelf life has become an important factor in the marketing and modern use of this species. Development of better treatment methods to enable cutting melons during processing could alleviate the damage to fruits, thus enhancing their quality and ultimate food safety. Improving the shelf life of this fruit would also increase its popularity, enabling cantaloupe growers to achieve a larger share of the produce market across China [4] .
Cantaloupes are generally valued for their intense aroma and taste, so they have a high commercial value but are highly perishable during their storage life [5] . To broaden the market for them while maintaining the good quality of fruits, several methods have been investigated. For example, the use of an edible coating made of pectin has been tested as a new method to maintain quality while prolonging the shelf life of fresh-cut melon, however that pretreatment masked melon taste and reduced the sensory acceptance scores at the end of the study [6] . Another method that has been tested is the combination of hot water pasteurization of whole cantaloupe with low-dose irradiation of packaged fresh-cut melon to maintain quality [7] , but when the temperature was returned to normal, the benefits of staying fresh were no longer maintained [8] so shelf life was not effectively prolonged. Amaro et al. [9] showed that 1-methylcyclopropene (1-MCP) can preserve the soluble solids, total phenolics, total carotenoids and carotene contents of fresh-cut cantaloupe, yet some softening occurred, and the treatments were less effective when 1-MCP was applied at a low temperature (0°C) [10] .
Thus, there is a need for development of new methods to protect fruits during the cutting process and thus extend their shelf life. Alternating magnetic field (AMF) has potential for this purpose, they are naturally occurring, easy to work with and create no residue or environmental pollution. The use of electromagnetic fields to stimulate the growth and metabolic cascades and control biochemical pathways had been researched, and report had been found that electromagnetic fields have an important role in eliciting the effects of many biological systems [11] , and may affect organisms in both negative and positive manner such as acceleration of growth and metabolism. Experiments using oscillating magnetic fields have uncovered new effects in the living systems of growth [12] . AMFs are also capable of changing a plant's growth rates [13] , so their action on various biological systems can be used as effectively as a means of regulating the biological activity of plants and fruits [14] . For example, in the previous study, magnetic fields of different intensities had varying influences on the biology of PC12 cells [15] .
Justo et al. [16] observed that the Escherichia coli had 100 times greater viability when treating with magnetic field for 6.5h than the others without treatment. Magnetic field can change the range of molecular organization in living organisms, as to cell membrane, it changed the membrane permeability, the distribution of protein and lipid domains, and the internal molecular distribution of electronic charge inside lipid molecule, all these changes can affect the rate of biochemical reactions, also the magnetic field have some influence on chloroplast, nucleus, proteins, protoplasm and whole cell [17] . Magnetic treatments may also protect plants against adverse environmental conditions such as stress caused by drought [18] ; for instance, they are reportedly effective in determining the distribution of apparent microporosity on apple and tomato fruit [19] .
As part of the continuous research efforts to identify useful applications of magnetic fields in food processing, the objective of this study was to conduct the first investigation of the effects of AMF on physiological responses and quality of cut cantaloupe. To do so, several parameters were measured, including electrolyte leakage, respiration rate, fruit firmness, content of soluble solids and titratable acid, and rate of decomposition.
MATERIAL AND METHODS

Plant Materials and Treatments
Cantaloupes were purchased from the city of BaMeng of Inner Mongolia in July. They were carefully selected to have a uniformity of size, color, absence of damage and defects, and with a ripeness of 90%. The instrument used to generate AMF was made in our laboratory. It was comprised of two parallel couples of Helmholtz coil, with the radius of each coil being equal to the distance between them. The two couples were connected in series, and connected to a potential transformer that could transform the direct current power into alternating current power. By adjusting the compensation current of the coils, an AMF was generated with a volume of 40 × 40 × 20 cm (Fig. 1) . A table between the two coils provided a surface where fruits were placed for the treatments (Fig. 2) .
A total of 240 melons were used, with 40 intact melons undergoing AMF treatment at a strength of 2mT, in each of six time durations: 0, 5, 10, 15, 20, or 25 min. After being treated, they were cut longitudinally into six pieces, and the sliced fruits were used in the following experiment. The cut pieces were placed on a plastic tray and covered with 40 µm-thick polyethylene film. All trays, holding six pieces each, were stored at 5°C until the fruit had decomposed. During this time, the physical variables were measured daily. 
Fruit Firmness and Soluble Solids
The firmness of fruit was measured as the force required to puncture the outer cortex using a Texture Analyzer (QTS-25 Brookfield, USA) fitted with a of 5-mm diameter probe that had a maximum penetration depth of 10 mm. We set the probe to a target value of 5 mm penetration into the fruits at a speed of 30 mm/min. The content of soluble solids was determined using an ATAGO hand-held refractometer.
Respiration Rate
Three pieces of melon slices were placed in 20 mL of 0.4 mol/L NaOH in a hermetic dryer. The respiration rate of the fruits was calculated according to the method of Alves et al. [20] with a minor modification. The amount of CO 2 produced by the melons was calculated by measuring the consumption of NaOH. The respiration rate was expressed as micrograms of CO 2 produced per kilogram per hour (mL kg -1 h -1 ).
Electrolyte Leakage
For determining electrolyte leakage, a modification of the method reported by Campos et al. [21] was used. A stainless steel cork borer of 0.5 cm diameter was used to obtain cylinders of melon tissue. Two 4-mm thick samples were cut from each cylinder. After being rinsed 3 times (2-3 min) with demineralised water, ten pieces were put into 50 ml of demineralised water and shaken at 100 cycles per min for at room temperature. The electrolyte leakage in the solution was measured after 180 min using a Conductance Bridge (DDS-11A, Yamei Electron Instrument Factory, Shanghai, China). Total conductivity was obtained after keeping the flasks in an oven (90°C) for 2 h. Results were expressed as percentage of total conductivity.
Titratable Acids
The amount of titratable acids was determined following established methods [22] . In brief, we used a titration of 0.1 mol/L NaOH, with phenolphthalein as the indicator of the end point. As 20 g of fluid was extracted from tissue was transferred into a 250 mL volumetric flask with a constant volume, then 25 mL of the solution from the volumetric flask was used as the unit for the statistical analysis of titration results.
Rate of Decomposition
The rate of decomposition of melon slices was measured after being removed from 5°C to room temperature at 20°C for 24h by visual estimation, we counted the number of melon slices that were decomposed, and then divided by the total number of melon slices in the treatment, and expressed this as a rate out of 100%.
Statistical Analysis
All experiments were performed in triplicate. Analysis of variance (ANOVA) between treatment means was carried out with the SPSS 17.0 software using Duncan's one-way test at P<0.05.
RESULTS AND DISCUSSION
Fruit Firmness and Soluble Solids
The firmness of melon slices that were treated with AMF was higher than the firmness of untreated slices, throughout the entire storage period (Fig. 3) . We found that firmness was highest for all fruits within 3 days, then firmness loss was observed by indicating the lower firmness in untreated slices than that in treated fruit. Further, firmness in fruit treated with AMF for 15 min was 54.9% higher than fruit without AMF treatment on the 4 th day. These combined results showed that AMF retarded the softening of fruit tissue. Furthermore, applying AMF for 15 min was the best treatment for maintaining high firmness of melons.
Indeed, firmness is an important parameter that is closely related to fruit maturity, harvest time and quality grade [23] . A decrease in firmness during storage is mainly related to increases in degradative metabolism [24] . Therefore, higher firmness clearly equates to better quality melons. In our experiment, the softening of melons was effectively delayed when samples were treated with AMF. Fig. (3) . Changes in the firmness of flesh of cantaloupe slices stored at 5°C. Before storage, melons were treated with an AMF of 2mT for 0, 5, 10, 15, 20, or 25 min, and then were cut longitudinally into six pieces.
Soluble solids content, which provides a reflection of the carbohydrate content of fruits, can be divided into soluble and insoluble components, with the soluble component consisting largely of soluble sugars [25] . Sugar content is an important determinant of fruit quality, for example it is a key factor that determines the eating quality of watermelons [26] . We detected a rapid decrease in soluble solids appeared in all samples during the storage period (Fig. 4) . Melon slices treated for 20 and 25 min showed little change in soluble solids compared to those without treatment. However, when the treatment time was 5 or 10 min, the soluble solids decreased rapidly. The highest levels of soluble solids were found in cut melon treated with AMF for 15min (Fig. 4) . Thus, the treatment of 2 mT for 15 min was able to maintain a high level of soluble solids in melon slices. Fig. (4) . Changes in the concentration of soluble solids in cantaloupe slices stored at 5°C. Before storage, melons were treated with an AMF of 2mT for 0, 5, 10, 15, 20, or 25 min, and then were cut longitudinally into six pieces. 
Respiration Rate
The pretreatment of soybean seeds with magnetic fields is used in agriculture to achieve enhanced crop growth and increased yields [13] . According to Wills et al. [27] , the respiration rate of fruits, vegetables and ornamental plants is an excellent indicator of the metabolic activity of tissue, and is therefore an important determinant of a potential product's shelf life.
In our study, treatment times of 5, 10 and 20 min led to higher respiration rates than those measured in untreated melon slices on the 2nd day. CO 2 production in melon slices increased even when they were treated with AMF, which suggested that the quality of melons deteriorated slowly. However, samples treated for 15 min had an obviously lower respiration rate than those that were untreated, until the 4th day (Fig. 5) . All of these results indicated that wounding caused by cutting increased the rate of respiration, but AMF of 2mT for 15 min effectively reduced this wound response.
Some studies have reported that the respiration rate of selected fresh-cut produce is inversely related to shelf life. That is, when the respiration rate of freshly cut products was higher, the shelf life would be shorter, and vice versa [28] , such as has been demonstrated with fresh-cut carrots [20] . We have demonstrated that the use of AMF treatment can significantly prolong the shelf life of cantaloupes by slowing respiration. Fig. (5) . Changes in the respiration rate of cantaloupe slices stored at 5°C. Before storage, melons were treated with an AMF of 2mT for 0, 5, 10, 15, 20, or 25 min, and then were cut longitudinally into six pieces.
Electrolyte Leakage
Sliced fruit, treated with AMF for 0 min and 20 min, had the highest electrolyte leakage during the storage period. However, the lowest electrolyte leakage was observed when the treatment time was 15 min during the storage period (Fig. 6) . In our study, results showed that electrolyte leakage was stimulated by cutting, which supports previous results that electrolyte leakage is a useful parameter to indicate physical damage, because leakage increases to the plasmalemma when wounds to fruit tissue are incurred [29] . Also, Gerasopoulos et al. [30] showed that adverse conditions such as low temperature cause considerable losses of quality during the prolonged shelf life of fruits, apparently related to factors that affect membrane function, and thus, to the more electrolyte leakage. Less electrolyte leakage is consistent with better fruit quality. In this study, AMF of 2mT for 15 min was able to effectively reduce electrolyte leakage and maintain good melon quality. Fig. (6) . Changes in the electrolyte leakage from cantaloupe slices stored at 5°C. Before storage, melons were treated with an AMF of 2mT for 0, 5, 10, 15, 20, or 25 min, and then were cut longitudinally into six pieces.
Titratable Acid
The amount of titratable acid is another one of the key characters that refelct the taste of fruits [31] , lower acidity with little changes in that measure may help to maintain the consistency of fruit flavor. In our report, the cut melons treated with AMF all had lower titratable acid than their untreated counterparts during the first day, even though a rise occured at the cut treat group afterwards. In all of the fruits tested, the amount of titratable acid had a greater range when the treatment time was 10, 20 or 25 min. The lowest amount of titratable acid was found when treatment time was 5 min, but it also changed rapidly in that group. However, samples treated for 15 min not only showed smaller changes, but also had the lowest initial measures of titratable acid (Fig. 7) . Similar beneficial results were obtained by Martiñon et al. [4] ., who found that the titratable acid changed little in fresh-cut cantaloupe, and was able to delay the postharvest ripening process effectively. These findings indicated that AMF of 2mT for 15 min can maintain the desired taste of melons.
Rate of Decomposition
Tripathi et al. [32] reported that fruits with higher moisture content and nutrient composition were highly susceptible to attack by pathogenic fungi, which might make them unsuitable for eating. Clearly, fruit quality is better when the rate of decay is lower. The use of AMF might be able to address this problem by changing enzyme activity, gene expression, and the release of calcium from intracellular storage sites [33] . In our experiment, the rate of decomposition in untreated, cut melons increased faster than the rate in treated, cut melons, within 4 days (Fig. 8) .
Samples treated with AMF for 5 and 10 min had a lower decomposition rate, but not significantly so (P > 0.05). A possible reason may be that the periods of AMF treatment were not long enough. When treatment lasted for 15 min, the rate of decomposition was obviously lower. Prolonging the treatment time further, to 20 or 25 min, did not lower the decomposition rate further (Fig. 8) . These results showed that an optimum length of AMF treatments for cantaloupe would be 15 min, to achieve a much lower decomposition rate.
Fig. (8).
Changes in the rate of decomposition of cantaloupe slices stored at 5°C. Before storage, melons were treated with an AMF of 2mT for 0, 5, 10, 15, 20, or 25 min, and then were cut longitudinally into six pieces.
CONCLUSION
In conclusion, we demonstrated that AMF treatment for 15 min was able to reduce the respiration rate and electrolyte leakage, delay softening and decomposition rates, and also reduce the flow of soluble solids and titratable acids in cut cantaloupes. Reductions in all of these parameters are related to good quality in cantaloupe fruits. Therefore, the application of AMF at 2mT for 15 min before cutting is the best treatment to reduce wound responses and maintain the quality and good flavor of fruits in this important crop species. 
